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Abstract 
Interest in the effects of environmental factors on malting and brewing quality of malting 
barley is increasing. We studied the effect of three nitrogen dressings (N1: only soil Nmin; 
N2: 90 kg/ha minus soil Nmin; N3: 90 kg/ha minus soil Nmin plus 60 kg/ha at flag leaf stage) 
and four shading periods (S1: no shading control; S2 shading during tillering; S3 shading 
during stem elongation; S4 shading during kernel filling) on growth, yield, and the following 
quality factors: mean kernel weight, kernel size distribution, and carbohydrate and protein 
contents. Nitrogen dressing increased LAI and total dry matter production. It had little effect 
on total kernel yield but reduced the mean kernel weight by 20 % and increased the protein 
content with 25 % to 160 g kg"1. Shading during tillering, during stem elongation or during 
kernel filling reduced the total kernel yield with 10%, 35%, 50% respectively. Shading during 
stem elongation showed a kernel size distribution with 40% of the kernels larger than 2.8 mm. 
In contrast shading during kernel fill ing resulted in a size distribution with 65% of the kernels 
smaller than 2.2 mm. This treatment increased the kernel protein content to 220 g kg"1. 
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1. Introduction 
Increasing interest in effects of environment on malting quality 
Malting barley is an interesting alternative crop for growers of wheat and fodder barley, as 
the beer industry, to which barley is the main raw material, pays about 10-15% extra if the 
produce is of an appropriate quality for malting and brewing. Quality, however, is very sensi-
tive to complex interactions of weather and cultural management conditions. Barley-growers 
and -breeders, policy makers, and the malting and brewing industry show an increasing 
interest in quantitative knowledge of the effects of such conditions, related to regional 
differences in quality and yield of malting barley. Such knowledge provides a risk assessment 
for crop management and breeding strategies, price control and evaluation of quality and 
yield in different regions. 
The most important quality aspects of malting barley are grain size, size distribution, protein 
content in grains and malt and extracting efficiency. These quality aspects are determined by 
the complex interaction of physiological crop growth processes, such as assimilation, dynamics 
of organ formation (numbers of tillers, culms, ears and grains) based on carbohydrate avail-
ability, dry matter partitioning, grain filling, N-content in crop parts and N-(re)allocation. 
Short description of environmental effects on malting quality 
It is known that grains of different size behave differently during the malting and brewing 
processes. Consequently, heterogeneous seed lots must be graded before processing (Burger 
& Laberge, 1985). Moreover, in general, large grains have a higher malt yield and therefore a 
different extracting efficiency. The final number and size, and the size distribution of barley 
grains are affected by the dynamics of formation of tillers, culms, spikes and spikelets (Biscoe 
& Gallagher, 1977; Scott et al.f 1983). The formation of these organs is affected by the crop 
production of carbohydrates and the competition for carbohydrates between the organs, and 
thus depends on a complex interaction of environmental factors such as radiation, tempera-
ture, air humidity, and water and nitrogen availability (Van Keulen & Seligman, 1987). For 
reasons of brewing technique and adequate malt quality, the final protein content of the 
barley grains has to be within the range of 0.08-0.11 g/g. This content is determined by the 
balance of carbohydrates and nitrogen in the crop and also depends on the interaction of the 
same environmental factors. Although experimental data indicate that the protein content of 
barley kernels usually is higher in Mediterranean climates than in northern locations, a sound 
management of N-fertilization may yield an excellent quality malting barley even in southern 
locations. To date, little is known about the environmental effects on starch and protein 
quality and ß-glucane content, but it has been suggested that nitrogen fertilization and 
radiation can have large effects on these aspects. 
Aims of the project 
For a systematic analysis of the combined effects of environmental factors on quality aspects, 
the integration of the physiological processes involved in a simulation model is required. In the 
project, which was funded partially by the Netherlands Grain Centre (NGQ, such a model is 
being developed for malting barley. It is derived from the detailed model for spring wheat of 
Van Keulen & Seligman (1987). The barley model simulates the phenology of the crop, photo-
synthesis-light response curve, dry matter partitioning, relations between carbohydrate supply 
and dynamics of organ formation, partitioning of nitrogen between the organs and respira-
tion processes. The main aim of the project was to gain more insight in and to quantify the 
effects of the environmental factors temperature, radiation, rainfall and nitrogen fertilization 
on the quality aspects kernel filling, protein content and kernel size distribution of malting 
barley. These quantifications were used to parameterize and calibrate the model. The second 
aim was to validate the model in a comparison with data from independent field trials. 
This report provides the results of these field trials, which were conducted with various 
N-fertilization rates and shading periods. In the experiments, not only crop growth was 
recorded, but also the number of organs formed, and the course of their contents of nitrogen 
and sugars. 
2. Materials and methods 
2.1 General description of the three experiments 
Three field trials were conducted with spring barley in the years 1989-1991. Those trials were 
located on the experimental farm "De Bouwing" in Randwijk on a river clay soil with a silt 
percentage 60% and an organic matter content of 3.0%. The first two (henceforward referred 
to as KS8902 and KS9003) were identical in experimental conditions. Two barley varieties were 
tested under three nitrogen dressings. The third experiment (henceforward referred to as KG 
9104) had the same nitrogen dressings, but also contained four shading periods and was 
conducted with only one variety. Table 1 gives an overview of important data of the three 
experimental designs. In the following sections the experiments are explained in more detail. 
2.2 Detailed description of the experiments KS8902 
and KS9003 
Varieties 
These two experiments were performed with the spring barley varieties Prisma and Golf. These 
two varieties are most widely cultivated in the Netherlands for brewing and animal feeding 
purpose, respectively. 
Design and treatments 
The experiments were laid out in a splitplot with four replicates (Figures 89-21 and 90-21) with 
nitrogen level in the plots and varieties in the sub-plots.The treatments were: no nitrogen 
application (N1), a nitrogen application as used in common practice (N2) and a surplus nitro-
gen application (N3)(Tables 89-2 and 90-2). 
Whole-crop harvests. 
Periodic harvests of all crop parts were carried out every two weeks. The crop was cut at soil 
level, with the exception of the first three (in 1989) or four (in 1990) harvests, where the whole 
plants were harvested. Fresh weight of total harvested plant material was determined. 25 main 
stems were selected and divided into green leaves (in some harvests separated per leaf layer), 
dead leaves, stems and sheaths, kernels and chaff. Fresh and dry weights (after drying at 70 °Q 
of the different plant parts were recorded (Tables 89-8, 89-9, 90-7, 90-8) and the leaf area 
(Tables 89-10 and 90-9) was measured with a Li-cor equipment. The selection of main stems 
may have resulted in an overestimation of the production only on hectare-basis, especially for 
the kernel yield. 
Ear samples 
During the period of ear filling, ears were sampled separately in plots of 16 rows (2.24 m) of a 
length of 0.70 m, in the weeks in between the periodoc harvests of all crop parts. For these 
samples 25 (in 1989) or 20 (in 1990) main stems were selected, without sampling the rest of the 
plants. The weight was measured and the number of kernels was counted (Tables 89-7; 89-15, 
90-15). The largest part of the kernels was frozen immediately in liquid nitrogen and stored at 
- 20°C and dry frozen later. 5 gram of each sample was not frozen, but was used for 
determination of the dry matter content. These samples were analysed by TNO-Agro-NIBEM 
(address: P.O. Box 360, 3700 AJ Zeist), on quality aspects for malting and brewing. 
Final harvest 
The final samples were harvested by a combine harvester, and 1000 kernel weight and kernel 
size distribution were determined (Tables 89-16 and 90-16). Sub-samples of the final harvest 
were analysed by TNO-Agro-NIBEM. 
Chemical analysis 
In the various plant parts dry matter content, total nitrogen content and carbohydrate content 
were analysed (Tables 89-12 to 89-14; 90-11 to 90-14). The amount of mineral nitrogen in soil 
samples during the season was also determined Tables 89-19, 90-19). 
Countings and phenology 
The numbers of plants and the number of secondary stems were counted and plant pheno-
logical development was determined, using the Zadoks decimal code (DC) (Zadoks et al., 1974) 
and an apex development scale (Meurs & de Vos, 1992). This scale is explained in Table 91-21 
and the results are in the Tables 89-4, 89-5, 90-4, 90-5. 
Weather data 
For weather data during the period of this experiment we refer to the CABO-DLO 'WEATHER' 
data bank (ing. W. Stol). 
Additional information for experiment KS8902 
So/7 description 
The experiment in 1989 was conducted on a field (internal farm registration: lot nr 8) with a 
lime content of 0.1 %, Pw-number 27, K-number 12, pH-KCI 6.4 and K-HC112 . The amount of 
nitrogen in the soil from 0 to 60 cm was 40 kg per ha at February 27. On March 14, 1989, 90 kg 
P205 and 240 kg K20 per hectare were applied. The preceding crop in 1988 was sugar beet; 
after harvesting, their leaves were chopped and ploughed under. 
Crop management, phenolgy and harvest dates 
The field was prepared for sowing on April 1 with a rotor-harrow. Due to a lack of frost during 
winter, the soil structure for sowing was not excellent. On April 1, sown took place with an 
Oyord sowing machine, in rows spaced at 14 cm and at a seed rate 150 kg/ha. The seed was 
desinfected (Table 89-3). On April 15, 50 % of the plants had emerged. On June 6 the flag 
leaves were unfolded. The date of onset of flowering was June 20 (Table 89-4). The periodic 
harvests were carried out on April 25, May 9, May 23, June 6, June 20, July 4 and July 18. The 
separate ear samples were on June 12, July 11 and July 25 (Table 89-6). The final harvest took 
place on August 4, under good weather conditions. 
Nitrogen dressings 
The nitrogen dressings were applied with the Enti. The nitrogen start dressing (in N2), applied 
on May 2, was 50 kg N per ha (= 90 minus soil mineral nitrogen). The top dressing of 60 kg per 
ha was applied on June 1, at flag leaf stage. 
Crop protection 
On June 6, the crop was sprayed against aphids, mildew and rust. The summer of 1989 hardly 
showed any diseases. But because of the very mild winter, aphids survived on winter wheats 
and they spread barley yellow dwarf virus. Much damage was caused by this virus before the 
aphids were killed. For details about the disease control, see Table 89-3. 
Additional information for experiment KS9003 
Soil description 
In 1990 the experiment was conducted on a field with a lime content of 0.1 %, Pw-number 48, 
K-number 17, pH-KCI 6.5 and K-HC118 (internal farm registration: lot nr 2A). The preceding 
crop in 1989 was potato. After the 1989 harvest the soil was grubbed till 50 cm depth followed 
by a cultivation treatment. On November 30,1989, after a night of frost, the soil was culti-
vated again. On December 4 1989, 100 kg P205 per hectare were applied. The amount of 
nitrogen in the soil from 0 to 60 cm was 40 kg per ha in the beginning of March. 
Crop management, phenology and harvest dates 
The field was prepared for sowing on March 15 with a rotor-harrow. The seed was desinfected 
(Table 90-3). On March 30, 50 % of the plants had emerged and emergence was completed on 
April 1. On May 25 the flag leaves were unfolded. The date of onset of flowering was June 12 
(Tables 90-4, 90-5). On June 26 and 27, there were heavy thunderstorms, which caused serious 
lodging. Later during the season this lodging caused secondary growth (Table 90-18). In 1990, 
periodic harvests were carried out on April 17, May 2, May 15, May 19, June 12, June 26, July 
11 and July 24. Separate samples for recording of ear filling were carried out on June 18, July 
4, July 18 and August 1 (Table 90-6). The final harvest took place on August 2, under good 
weather conditions. 
Nitrogen dressings 
The nitrogen dressings were applied with the Enti. The first nitrogen dressing (in N2), applied 
on April 10, was 50 kg N per ha (= 90 minus soil mineral nitrogen). The top dressing of 60 kg 
per ha was applied on June 1, at flag leaf stage. 
Crop protection 
On April 24, a spraying took place against aphids, to prevent the crop from the barley yellow 
dwarf virus. Against weeds was sprayed on May 4, which proved to be very effective. Against 
mildew and other fungi diseases and aphids was sprayed on May 15. On June 26, a second 
spraying was carried out against aphids. The last spraying took place on July 11, against 
mildew and rust. For details about the disease control, see Table 90-3. 
2.3 Detailed description of the experiment KG9104 
Varieties 
This experiment was performed with the spring barley variety Prisma. 
Design and treatments 
The experiment was layed out in a splitplot with four replicates (Fig. 91-20) with shading 
treatments in the plots and levels of nitrogen in the sub-plots. The shading treatments were: 
no shading (S1); shading from starting of tillering to beginning of culm elongation (S2); 
shading from beginning of culm elongation to heading (S3); and shading from heading to the 
end of the grain filling period (S4)(Table 91-2). The shading was realised by placing shading 
nets in the field at 1.5 m above soil level. These shading nets reduced the level of radiation 
with about 60%. The three nitrogen levels were the same as in the previous experiments. 
Whole-crop harvests 
The area of the periodic harvests was 8 rows (0.96 m) of a length of 1.0 m. The crop was cut at 
soil level, with the exception of the first three harvests, where whole plants were harvested. 
Of the total harvested plant material, a sub-sample of about 100 g was taken for a total dry 
matter determination. A second aselect sub-sample was taken from the total harvested plant 
material and this was divided into green leaves, dead leaves, stems and sheaths, kernels and 
chaff. The leaf area, and fresh and dry weights of the different plant parts were recorded. For 
each plot the total fresh weight was measured. In this way the various weights of plant parts 
per unit soil area could be calculated. 
Ear samples 
During the kernel filling period, 20 main ears and 20 secondary ears were harvested and dried. 
These ears were analysed for number of kernels per ear and the weight and nitrogen content 
per kernel per position in the ear. The results of these measurements, which are carried out in 
co-operation with TNO-Agro-NIBEM, are published by Duijnhouwer et al. (1993). 
Final harvest 
The final samples were harvested by a combine harvester and kernel size distribution was 
determined (Tables 91-13 to 91-15). Sub-samples of the final harvest were analysed by TNO-
Agro-NIBEM for 1000-kernel-weight and quality aspects for malting and brewing 
(Duijnhouwer et al., 1993). 
Chemical analysis 
The various plant parts were analysed for dry matter content, total nitrogen content and 
carbohydrate content (Tables 91-10, 91-11 and 91-16). The amount of mineral nitrogen in soil 
samples during the season was measured (Table 91-18). 
Countings and phenology 
The plant phenological development was recorded , using the Zadoks decimal code (DC) 
(Zadoks et al.,1974) and an apex development scale (Meurs & de Vos, 1992). This scale is ex-
plained in Table 91-21 and the results are in Table 91-4. The numbers of plants per m2, tillers 
per plant ears per m2 and kernels per ear were counted on a couple of dates(Table 91-5). 
The number of primary and secondary tillers and culms were counted weekly, but these results 
are not included in this report. They will be analysed by Dr. L.F. D'Antuono (University of 
Bologna, Department of Agronomy, Via Filippo Re 6-8,40126 Bologna, Italy). 
Weather data 
For weather data during the period of this experiment we refer to the CABO-DLO 'WEATHER' 
data bank (Ing. W. Stol). 
Additional information for experiment KG9104 
Soil description 
The experiment of 1991 was conducted on a field with a lime content of 0.1 %, Pw-number 60, 
K-number 18, pH-kaliumchloride 6.3 and K-HCI 20 (internal farm registration: lot nr. 8). The 
preceding crop in 1990 was potato. After harvesting the soil was grubbed til l ca. 60 cm depth 
and shortly after that one cultivation took place after a night of frost. On January 17,1991, 
200 kg P205 per hectare were applied. On January 30, after a night of frost the soil was 
cultivated again. The amount of nitrogen in the soil from 0 to 60 cm was 70 kg per ha at 
February 27. 
Crop management phenolgy and harvest dates 
The field was prepared for sowing on March 16 with a rotorharrow. On March 16 sowing took 
place with a Hasia sowing machine, which is also used in common practice. The row spacing 
was 12 cm with a seed rate of 140 kg/ha. On March 30, 50 % of the plants had emerged and 
emergence was completed on April 2. On June 10, the flag leaves were unfolded. The date of 
onset of flowering was June 26 (Table 91-4). The periodic whole-crop harvests during the 
season were carried out on April 2, April 16, May 21, June 26 and July 29. The data at which 
these harvests took place, were chosen in such a way that they coincided as much as possible 
with the beginning and the end of the different shading treatments. The final harvest was on 
August 12, under good weather conditions, except treatment N3S3. This treatment was har-
vested on August 22, because of the delayed ripening of the crop. 
Nitrogen dressings 
The nitrogen dressing was applied with the Enti. The first (yearly) nitrogen dressing (in N2), 
applied on April 3, was 20 kg N per ha (= 90 minus soil mineral nitrogen). The top dressing of 
60 kg per ha was applied on June 4, at the stage of stem elongation. 
Crop protection 
Because of the very wet month of June (114 mm) and probably also because of the high 
content of mineral nitrogen, the crop lodged early in season. Due to the shading treatments, 
the sensitivity of the crop for lodging and mildew increased. On May 13, a spraying took place 
to prevent the crop from lodging. Against weeds was sprayed on May 14. Against mildew and 
other fungi diseases and aphids was sprayed on June 24. The final spraying took place on July 
10, against mildew and rust. For details about the disease control, see Table 91-3. 
Table 1. General overview of the materials and methods of the field trials in 1989, 1990 and 1991 
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3.1 Effects of N-supply 
The fertilized treatments N2 and N3 resulted in faster leaf growth (Fig. 1), a slightly higher LAI 
(Fig. 2) and about 3 t/ha higher maximum dry matter production (Fig. 3) than the untreated 
control N1. However, the effects of N-rate on final total dry matter production were small 
(Fig. 3). The effects on kernel yield were also small: in 1990 N3 showed a maximum kernel yield 
of 9 t/ha and N2 and N1 both 8 t/ha (Fig. 4). The differences in final kernel yields between the 
N-treatments were almost negligible (Fig. 4). 
A higher N-rate resulted in a strong increase in the number of culms per m2 already early in 
the season but had no effect on the number of kernels per ear (Table 2 on page 15). This 
resulted thus in a remarkably increase in the number of kernels per m2 (Table 2). As the seed 
yield per ha hardly differed, the highest N-rate showed the lowest average kernel weight, 
which was 40 mg per kernel in 1990 (Fig. 5), with a maximum of 37% in the size-class of 2.5-2.8 
mm (Fig. 6). At the lowest N-rate, the thickest kernels were found: 50 mg per kernel in 1990 
(Fig. 5), with a maximum of 35 % in the class > 3 mm (Fig. 6). 
A higher N-rate delayed the decrease in N-concentration in the stems and leaf sheaths (Fig. 7) 
and in the leaf blades (Fig. 8) and accelerated the increase in N-concentration in the kernels 
(Fig. 9). Therefore, the final crude protein content in the kernels of the highest N-rate (in 
1990:16%) was far too high for the qualification of malting barley (maximum 11.5%). 
N2 and N1 qualified with values of 11% and 10 %, respectively (Fig. 9). 
Finally, a higher N-rate resulted in lower contents of soluble carbohydrates, especially in stems 
and sheaths (Fig. 10). In 1990 this content increased up to 325 g kg"1 in the non-fertilized 
control N1; in N2 the content was generally 50 g kg"1 lower. The N-top dressing in N3 resulted 
again in a decrease in 50 g kg"1. The N-rate had no effect on the course of the soluble carbo-
hydrates content in the kernels (Fig. 11). 
These effects of N-rate were almost identical in the experiments of 1989 and 1991. In the 
experiment of 1990, a higher N-rate also resulted in more serious lodging and more immature 
green stems at the end of the season (see also Table 90-18). 
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Green leaves 





Figure 1 The effect of nitrogen supply on the dry matter production of green leaves of malting 
barley (cv Prisma) during the growing season of 1990. 







Figure 2 The effect of nitrogen supply on the leaf area index (LAI) of green leaves of malting barley 
(cv Prisma) during the growing season of 1990. 
(Experiment KS9003; for N-rates see Table 90-2). 
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Figure 3 The effect of nitrogen supply on total above ground biomass of malting barley (cv Prisma) 
during the growing season of 1990. 
(Experiment KS9003; N-rates see Table 90-2). 
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Figure 4 The effect of nitrogen supply on kernel yield of malting barley (cv Prisma) during the 
growing season of 1990. 
(Experiment KS9003; for N-rates see Table 90-2). 
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Figure 5 The effect of nitrogen supply on the weight of individual kernels of malting barley 
(cv Prisma) during the growing season of 1990. 
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Figure 6 The effect of nitrogen supply on the kernel size distribution of malting barley (cv Prisma) 
during the growing season of 1990. 
(Experiment KS9003; for N-rates see Table 90-2). 
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Figure 7 The effect of nitrogen supply on the nitrogen content of stems and sheaths of malting 
barley (cv Prisma) during the growing season of 1990. 
(Experiment KS9003; for N-rates see Table 90-2). 
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Figure 8 The effect of nitrogen supply on the nitrogen content of green leaves of malting barley 
(cv Prisma) during the growing season of 1990. 
(Experiment KS9003; for N-rates see Table 90-2). 
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The effect of nitrogen supply on the nitrogen content of the kernels of malting barley 
(cv Prisma) during the growing season of 1990. 
(Experiment KS9003; for N-rates see Table 90-2). 
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Figure 10 The effect of nitrogen supply on the content of carbohydrates of the stems and sheaths ot 
malting barley (cv Prisma) during the growing season of 1990. 
(Experiment KS9003; for N-rates see Table 90-2). 
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Figure 11 The effect of nitrogen supply on the content of carbohydrates of the kernels of malting 
barley (cv Prisma) during the growing season of 1990. 
(Experiment KS9003; for N-rates see Table 90-2), 
Table 2 Dynamics of organ formation. Number of plants per m2, tillers per plant, tillers per m2, 
kernels per ear and kernels per m2 at different harvest dates (T1-T9) for three different 
nitrogen supply treatments (N1-N3) in malting barley (cv Prisma) in 1990. 
Numbers between [ ] : countings of aselect samples of ears; other numbers from countings 
of main ears. 


























































3.2 Effect of shading period 
The early shading treatment S2 resulted in a small positive effect on the growth of the leaves 
(Fig. 12) and leaf area index (LAI) (Fig. 13) and in a higher specific leaf area (SLA) (Fig. 14). 
After finishing this treatment, the SLA of S2 became equal to that of the unshaded control S1. 
Shading during stem elongation (S3), also resulted in a higher SLA. In general, shading 
resulted in very large effects on dry matter production (Fig. 15) and ear yields (Fig. 16); the 
final yields were lower when shading took place later in the season. In the sequence S1-S4 the 
final ear yields were 8.5, 7.5, 6 and 4.5 t/ha, respectively (Fig. 16). 
Shading during tillering (S2) had little effect on the dynamics of organ formation and final 
kernel yield. In contrast, shading during stem elongation (S3) resulted in a halving of the 
number of kernels per ear (Table 91-5) and led to a kernel distribution with 40% of the kernels 
larger than 2.8 mm (Fig. 17). Shading during kernel filling (S4) resulted in a lower rate of 
kernel fill ing; the kernel size distribution was thus very fine with 65% of the kernels thinner 
than 2.2 mm (Fig. 18). 
Shading during tillering or during stem elongation showed an increased N-content in stems 
and leaf sheaths (Fig. 19) and leaf blades (Fig. 20), and had little effect on N-contents in the 
kernels (Fig. 21). Shading during kernel filling had no effect on the N-content in the vegetative 
parts (Figs 19 and 20) but showed a strong positive effect on N-content in the kernels which 
increased to 35 g kg"1, resulting in a protein content of 22% (Fig. 21). 
The soluble carbohydrate content in the vegetative parts was lowered with 50 g kg"1 by 
shading during tillering or during stem elongation, compared with the unshaded control 
(Figs 22 and 23). In contrast, shading during kernel filling had no effect on these contents 
(Figs 22 and 23). In general, shading had little effect on the course of soluble sugars in the 
kernels. Only shading during stem elongation slightly delayed the decrease in this content. 
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4. Conclusions 
The effects of nitrogen dressing on growth and yield were not large, probably as the Nmin 
contents of the soil (40 kg N/ha in 1989 and 1990 and even 70 kg N/ha in 1991) were rather 
high. Nevertheless, high fertilizer applications resulted in a decrease in mean kernel weight 
and a concomitant increase in protein content, which both affect brewing quality negatively. 
The lower carbohydrate content in stems and sheaths with higher nitrogen dressings is 
explained by an increased use of reserves for vegetative growth. An important part may be 
invested in secondary growth, which will result in a heterogeneous crop. High nitrogen rates 
on these type of clay soils have to be avoided in brewing barley, even if the total nitrogen 
dressing is split in two applications. 
Shading had large effects on kernel yield and kernel quality, and the effects depended on the 
period of shading. Shading during stem elongation was disadvantageous for kernel yield, but 
resulted in large grains, which is a positive quality aspect. Shading during kernel filling resul-
ted in very low yields, with a very low quality: small grains and an extremely high protein con-
tent. In further modeling research, the consequences of these experimental results for growth 
and kernel filling under periods with natural light reduction (dark weather conditions) have to 
be evaluated. In general, the detailed measurements proved to be suited data sets for the vali-
dation of the simulation model. The results of this validation will be published in scientific 
journals. Besides this, seed material of the shading experiment has been used for a study on 
the effect of kernel filling on a set of malting/brewing quality aspects of the wort. The results 
of these micro-malting experiments have been published by Duijnhouwer et al. (1993). 
For future use, the results of the field trials of this report are documented in detail in the 
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The effect of shading period on the dry matter production of green leaves of malting 
barley (cv Prisma) in the growing season of 1991. 
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The effect of shading period on the leaf area index (LAI) of green leaves of malting barley 
(cv Prisma) in the growing season of 1991. 
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Figure 14 The effect of shading period on the specific leaf area (SLA) of green leaves of malting 
barley (cv Prisma) in the growing season of 1991. 
(Experiment KG9104; for description of shading periods see Table 91-2b). 
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Figure 15 The effect of shading period on the total above ground dry biomass of malting barley 
(cv Prisma) in the growing season of 1991. 
(Experiment KG9104; for description of shading periods see Table 91-2b). 
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Figure 16 The effect of shading period on the dry matter yields of the ears of malting barley 
(cv Prisma) in the growing season of 1991. 
(Experiment KG9104; for description of shading periods see Table 91-2b). 
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Figure 17 The effect of shading during stem elongation (S3) on the kernel size distribution of malting 
barley (cv Prisma) in the growing season of 1991. 
(Experiment KG9104; for description of shading periods and N-rates: see Table 91-2). 
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Figure 18 The effect of shading during kernel filling (S4) on the kernel size distribution of malting 
barley (cv Prisma) in the growing season of 1991. 
(Experiment KG9104; for description of N-rates and shading periods: see Table 91-2). 
Stems and sheaths 






50 100 150 200 
Julian date 
250 
Figure 19 The effect of shading period on the nitrogen content of stems and sheaths of malting 
barley (cv Prisma) in the growing season of 1991. 
(Experiment KG9104; for description of shading periods see Table 91-2b). 
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Figure 20 The effect of shading period on the nitrogen content of green leaves of malting barley 
(cv Prisma) in the growing season of 1991. 
(Experiment KG9104; for description of shading periods see Table 91-2b). 
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Figure 21 The effect of shading period on the nitrogen content of the kernels of malting barley 
(cv Prisma) in the growing season of 1991. 
((Experiment KG9104; for description of shading periods see Table 91-2b). 
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Stems and sheaths 





Figure 22 The effect of shading period on the content of carbohydrates of the stems and sheaths of 
malting barley (cv Prisma) in the growing season of 1991. 
(Experiment KG9104; for description of shading periods see Table 91-2b). 
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Figure 23 The effect of shading period on the content of carbohydrates of the green leaves of 
malting barley (cv Prisma) in the growing season of 1991. 
(Experiment KG9104; for description of shading periods see Table 91-2b). 
250 
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Experimental farm 'De Bouwing' 
lot no. 8 
Prisma, Golf 




Sugarbeets, leaves plought under. 
310seeds/m2 
Table 89-2. Treatments: Nitrogen dressings (kg/ha) 




































Table 89-4. Crop development description for main stem. 
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Table 89-4d. Treatment N2, cv. Golf. 
date number of DC 
yymmdd defolded leaves (Zadoks) 
890530 7.9 32.8 











Table 89-5. Crop development and crop description. 
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Table 89-5. (continued) Crop development and crop description. 






































Table 89-5. (continued) Crop development and crop description. 













































33.0 - 40.8 
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Table 89-5. (continued) Crop development and crop description. 



































































Table 89-7. Starting position of the sowing seed. 
cultivar 1000-kernel- dry 
weight matter 
[gr] I%] 
Prisma 47.51 89.39 
Golf 45.08 89.22 
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Table 89-8. Dry matter distribution. 



































































































































































































Table 89-8. (continued) Dry matter distribution. 
























































































































































































Table 89-9. Dry green leaf weight and dry green leaf weight distribution. 
Leaves are numbered from the top down. 




















































































































Table 89-9. (continued) Dry green leaf weight and dry green leaf weight distribution. 
Leaves are numbered from the top down. 





























































































































Table 89-10. Leaf area index. 
Leaves are numbered from the top down. 


















































































































Table 89-10. (continued) Leaf area index. 
Leaves are numbered from the top down. 















































































Table 89-1 Of. Treatment N3, cv. Golf. 
date total leaf flagleaf leaf 2 leaf 3 leaf 4 leaf 5 

























Table 89-11. Specific laaf area. 
Leaves are numbered from the top down. 















































































Table 89-11c. Treatment N3, cv. Prisma. 
date total leaf flagleaf leaf 2 leaf 3 leaf 4 leaf 5 




















Table 89-11. (continued) Specific leaf area. 
Leaves are numbered from the top down. 







































Table 89-11e. Treatment N2, cv. Golf. 
date total leaf flagleaf leaf 2 leaf 3 leaf 4 leaf 5 
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Table 89-15. Kernel growth. 

































































*)1 The first five harvests are samples of kernels from main stems, 
at the final harvest the kernels are from a general sample. 
For more information see paragraph 2.2. 
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Table 89-16. Kernel size distribution at final harvest. 
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Table 89-16. (continued) Kernel size distribution at final harvest. 





2.0 - 2.2 
2.2 - 2.5 
2.5-2.8 
2.8-3.0 



























































Table 89-17. Nitrogen distribution and nitrogen content in kernels per sortingclass. 





2.0 - 2.2 
2.2 - 2.5 
2.5 - 2.8 
2.8 - 3.0 































































2.0 - 2.2 
2.2-2.5 
2.5-2.8 
2.8 - 3.0 



























































Table 89-18. Combine harvest kernel yield (kg.ha-1) at 16 % moisture. 
date cv. Prisma cv. Golf 
yymmdd 
N1 N2 N3 N1 N2 N3 
890805 6867 7120 7403 7254 7594 7982 
71 



























































































Table 89-20. Statistical analyses. 
Table 89-20a. Statistical analyses of plant parts and crop caractérisées. 
Properties 
Total plant mass 
above and below ground, fresh weight. 
[kg.ha-1] 
Total plant mass 
above and below ground, dry weight. 
[kg.ha-1] 
Total plant mass above ground, 
fresh weight. 
[kg.ha-1] 
Total plant mass above ground, 
dry weight. 
[kg.ha-1] 
Green leaves + stems, fresh [kg.ha-1] 
Green leaves + stems, dry [kg.ha-1] 
Total of green leaves, 
fresh weight. 
[kg.ha-1] 
Total of green leaves, 
dry weight. 
[kg.ha-1] 
Stem parts below ground, 
fresh weight. 
[kg.ha-1] 
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Stems and sheaths, 
fresh weight. 
[kg.ha-1] 
Stems and sheaths, 
dry weight. 
[kg.ha-1] 
Kernels, fresh weight. 
[kg.ha-1] 
Kernels, dry weight. 
[kg.ha-1] 
Chaff, fresh weight. 
[kg.ha-1] 
Chaff, dry weight. 
[kg.ha-1] 
Ears, fresh weight. 
[kg.ha-1] 
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Table 89-20a. (continued) Statistical analyses of plant parts and crop caracteristics. 
Properties 
Leaf area index, 
LAI. 
[m2.m-2] 
Number of plants. 
[1.m-2] 
Number of main stems. [1 .m-2] 
Number of hare's ears [1 .m-2] 
Dry weight per kernel [mg] 
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Table 89-20. (continued) Statistical analyses. 
Table 89-20b. Statistical analyses of nitrogen and carbohydrate amounts in plant parts. 
Properties 
Total N amount in above 
ground parts (leaves and stems). 
[kg.ha-1] 
Total N amount in 
green leaves. 
[kg.ha-1] 
Total N amount in 
stems and sheaths. 
[kg.ha-1] 
Total N amount in 
stem below ground. 
[kg.ha-1] 
Total N amount in 
dead leaves. 
[kg.ha-1] 
Total N amount in 
kernels. 
[kg.ha-1] 
Total N amount in 
chaff. 
[kg.ha-1] 
Total N amount in 
ears. 
[kg.ha-1] 
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Table 89-20b. (continued) Statistical analyses of nitrogen and carbohydrate amounts in plant parts. 
Properties 
Carbohydrate amount in above 
ground parts (leaves and stems). 
[kg.ha-1] 
Carbohydrate amount in 
green leaves. 
[kg.ha-1] 
Carbohydrate amount in 
stems and sheaths. 
[kg.ha-1] 
Carbohydrate amount in 
stem below ground. 
[kg.ha-1] 
Carbohydrate amount in 
dead leaves. 
[kg.ha-1] 
Carbohydrate amount in 
kernels. 
[kg.ha-1] 
Carbohydrate amount in 
chaff. 
[kg.ha-1] 
Carbohydrate amount in 
ears. 
[kg.ha-11 
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Table 89-20. (continued) Statistical analyses. 






* * # 
P > 0.200 
0.100 < P < 0.200 . 
0.050 < P < 0.100 
0.010 < P < 0.050 
P < 0.010 
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Figure 89-21. Experimental design. 
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OVERVIEW OF THE CONTENTS OF THE TABLES OF KS9003 
Table 90-1. General information 
Table 90-2. Treatments: Nitrogen dressings 
Table 90-3. Crop protection treatments 
Table 90-4. Crop development description for main stem 
At different dates the number of defolded leaves, DC, apex development, 
number of total primordia and number of leaf primordia 
90-4a. Treatment N1f cv. Prisma 
90-4b. Treatment N2, cv. Prisma 
90-4C. Treatment N1,cv. Golf 
90-4d. Treatment N2, cv. Golf 
Table 90-5. Crop development and crop description 
At different dates the number of defolded leaves per main stem, DC, 
plant density, number of sprouts per plant, number of kernels per ear, 
plant length and tiller density 
90-6a. Treatment N1, cv. Prisma 
90-5b. Treatment N2, cv. Prisma 
90-5c. Treatment N3, cv. Prisma 
90-5d. Treatment N1, cv. Golf 
90-5e. Treatment N2, cv. Golf 
90-5f. Treatment N3, cv. Golf 
Table 90-6. Harvest data 
Harvest and ear harvest data 
Table 90-7. Dry matter distribution 
At different harvest dates dry matter distribution of total above ground plant biomass, 
green leaf, dead leaf, stem part below ground, stems plus sheaths, chaff and grains 
90-7a. Treatment N1,cv. Prisma 
90-7b. Treatment N2, cv. Prisma 
90-7c. Treatment N3, cv. Prisma 
90-7d. Treatment N1, cv. Golf 
90-7e. Treatment N2, cv. Golf 
90-7f. Treatment N3, cv. Golf 
Table 90-8. Dry green leaf weight and dry green leaf weight distribution 
At different harvest dates dry matter distribution of total green leaf amount and 
separated for leaf 1 to flagleaf. The leaves are numbered in order of emergence 
90-Sa. Treatment N1, cv. Prisma 
90-3b. Treatment N2, cv. Prisma 
90-8c. Treatment N1,cv. Golf 
90-JJd. Treatment N2, cv. Golf 
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Table 90-9. Leaf area index 
At different harvest dates leaf area index of total green leaf and separated for 
leaf 1 to flagleaf. The leaves are numbered in order of emergence 
90-9a. Treatment N1,cv. Prisma 
90-9b. Treatment N2, cv. Prisma 
90-9c. Treatment N3, cv. Prisma 
90-9d. Treatment N1f cv. Golf 
90-9e. Treatment N2, cv. Golf 
90-9f. Treatment N3, cv. Golf 
Table 90-10. Specific leaf area (SLA) 
At different harvest dates the specific leaf area of total dry green leaf and separated 
for leaf 1 to flagleaf. The leaves are numbered in order of emergence 
90-10a. Treatment N1, cv. Prisma 
90-10b. Treatment N2, cv. Prisma 
90-10c. Treatment N3, cv. Prisma 
90-1 Od. Treatment NI, cv. Golf 
90-1 Oe. Treatment N2, cv. Golf 
90-1 Of. Treatment N3, cv. Golf 
Table 90-11. Nitrogen distribution and nitrogen content in crop 
At different harvest dates nitrogen content and amount in total plant, green leaf, 
dead leaf, stem below ground, stems plus sheaths, chaff and grains 
90-11a. Treatment NI, cv. Prisma 
90-1 lb. Treatment N2, cv. Prisma 
90-11c. Treatment N3, cv. Prisma 
90-11d. Treatment N1, cv. Golf 
90-11e. Treatment N2, cv. Golf 
90-11f. Treatment N3, cv. Golf 
Table 90-12. Carbohydrates distribution and carbohydrates content in crop 
At different harvest dates carbohydrate content and amount in total plant, green leaf, 
dead leaf, stem below ground, stems plus sheaths, chaff and grains 
90-12a. Treatment NI, cv. Prisma 
90-12b. Treatment N2, cv. Prisma 
90-12c. Treatment N3, cv. Prisma 
90-12d. Treatment N1, cv. Golf 
90-12e. Treatment N2, cv. Golf 
90-12f. Treatment N3, cv. Golf 
Table 90-13. Nitrogen distribution and nitrogen content in green leaves 
At different harvest dates nitrogen content and amount in total green leaf and 
separated for leaf 1 to flagleaf 
The leaves are numbered in order of emergence 
90-13a. Treatment N1, cv. Prisma 
90-13b. Treatment N2, cv. Prisma 
90-13c. Treatment N3, cv. Prisma 
90-13d. Treatment NI, cv. Golf 
90-13e. Treatment N2, cv. Golf 
90-13f. Treatment N3, cv. Golf 
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Table 90-14. Carbohydrates distribution and carbohydrates content in green leaves 
At different harvest dates nitrogen content and amount in total green leaf and 
separated for leaf 1 to flagleaf 
The leaves are numbered in order of emergence 
90-14a. Treatment N1, cv. Prisma 
90-14b. Treatment N2, cv. Prisma 
90-14c. Treatment N3, cv. Prisma 
90-14d. Treatment N1, cv. Golf 
90-14e. Treatment N2, cv. Golf 
90-14f. Treatment N3, cv. Golf 
Table 90-15. Kernel growth 
At different harvest dates the dry weight per kernel 
90-15a. Cv. Prisma 
90-15b. Cv. Golf 
Table 90-16. Kernel size distribution at final harvest 
90-16a. Fresh weight distribution (%) 
Per sortingclass the percentage of fresh weight of the kernels in that class 
90-16b. Fresh weight per kernel per sortingclass (mg) 
Per sortingclass the fresh weight of a kernel in that class 
90-16c. Dry matter content per sortingclass (%) 
Per sortingclass the dry matter content of the kernels in that class 
Table 90-17. Combine harvest kernel yield (kg.ha-1 ) at 16 % moisture 
Table 90-18. Score for lodging and hare's ear (secondary growth) 
Table 90-19. Soil mineral nitrogen content and amount (ammonium + nitrate) 
At different times during the growing season soil mineral nitrogen content and 
amount. Layers 0 - 30 cm, 30 - 60 cm and 60 - 90 cm 
90-19a. Cv. Prisma 
90-19b. Cv. Golf 
Figure 90-20. Statistical analyses 
90-20a. Statistical analyses of plant parts and crop caracteristics 
90-20b. Statistical analyses of nitrogen and carbohydrate amounts in plant parts 
90-20C. Meaning of used symbols 
Figure 90-21. Experimental design 
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Experimental farm 'De Bouwing' 
lot no. 2A 
: Prisma, Golf 
: 16 maart 1990 
:Clay 
: 60% 
: 14 cm 
: Potatoes 
:310seeds/m2 
Table 90-2. Treatments: Nitrogen dressings (kg/ha) 
































































Table 90-4. Crop development description for main stem. 





DC apex number of number of 



















DC apex number of number of 






























Table 90-4. (continued) Crop development description for main stem. 
Table 90-4c. Treatment N1, cv. Golf. 
date number of DC apex number of number of 



























































Table 90-5. Crop development and crop description. 
Table 90-5a. Treatment N1, cv. Prisma. 
87 
date number of DC plant number of tiller number of plant 
yymmdd defolded leaves (Zadoks) density sprouts density kernels lenght 



















































Table 90-5b. Treatment N2, cv. Prisma. 
date number of DC plant number of tiller number of plant 
yymmdd defolded leaves (Zadoks) density sprouts density kernels lenght 























































Table 90-5. (continued) Crop development and crop description. 


















































Table 90-5. (continued) Crop development and crop description. 
Table 90-5d. Treatment N1, cv. Golf. 
89 
date number of DC plant number of tiller number of plant 
yymmdd defolded leaves (Zadoks) density sprouts density kernels lenght 



















































Table 90-5e. Treatment N2, cv. Golf. 
date number of DC plant number of tiller number of plant 
yymmdd defolded leaves (Zadoks) density sprouts density kernels lenght 























































Table 90-5. (continued) Crop development and crop description. 




















































































)*1 No total field weight, therefor no kg.ha-1 results. 
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Table 90-7. Dry matter distribution. 





































































































































































































Table 90-7. (continued) Dry matter distribution. 
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Table 90-15. Kernel growth. 
















































































*)1 The first five harvests are samples of kernels from main stems, 
at the final harvest the kernels are from a general sample. 
For more information see paragraph 2.2. 
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Table 90-16. Kernel size distribution at final harvest. 




2.0 - 2.2 
2.2 - 2.5 
2.5 - 2.8 



















































2.0 - 2.2 
2.2 - 2.5 
2.5 - 2.8 





















































Table 90-16. (continued) Kernel size distribution at final harvest. 




2.0 - 2.2 
2.2 - 2.5 
2.5 - 2.8 














































Table 90-17. Combine harvest kernel yield (kg.ha-1) at 16 % moisture. 
date cv. Prisma cv. Golf 
yymmdd 
N1 N2 N3 N1 N2 N3 
900803 7132 6913 6581 6455 6245 6180 
Table 90-18. Score for lodging and hearts ear (secondary growth) 



























Table 90-19. Soil mineral nitrogen content and amount (ammonium + nitrate). 














































N3 900803 7.68 29.95 4.78 18.64 5.08 19.81 
Table 90-19b. Cv. Golf 
treatment date 
yymmdd 
nitrogen content and amount per soil layers 
0 - 30 cm 
(mg.kg-1) (kg.ha-1) 
30 - 60 cm 
(mg.kg-1) (kg.ha-1) 









































Table 90-20. Statistical analyses. 
Table 90-20a. Statistical analyses of plant parts and crop caractérisées. 
Properties 
Total plant mass 
above and below ground, fresh weight. 
[kg.ha-11 
Total plant mass 
above and below ground, dry weight. 
[kg.ha-1] 
Total plant mass above ground, 
fresh weight. 
[kg.ha-1] 
Total plant mass above ground, 
dry weight. 
[kg.ha-1] 
Green leaves + stems, fresh [kg.ha-1] 
Green leaves + stems, dry [kg.ha-1] 
Total of green leaves, 
fresh weight. 
[kg.ha-1] 
Total of green leaves, 
dry weight. 
[kg.ha-1] 
Stems and sheaths, 
fresh weight. 
[kg.ha-1] 
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Table 90-20a. (continued) Statistical analyses of plant parts and crop caracteristics. 
Properties 
Stem parts below ground, 
fresh weight. 
[kg.ha-1] 









Kernels, fresh weight. 
[kg.ha-1] 
Kernels, dry weight. 
[kg.ha-1] 
Chaff, fresh weight. 
[kg.ha-1] 
Chaff, dry weight. 
[kg.ha-1] 
Ears, fresh weight. 
[kg.ha-1] 
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Table 90-20a. (continued) Statistical analyses of plant parts and crop caractérisées. 
Properties 
Leaf area index, 
LAI. 
[m2.m-2] 




Number of sprouts. 
[1.plant-1] 




Number of main stems. [1 .m-2] 
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Table 90-20. (continued) Statistical analyses. 
Table 90-20b. Statistical analyses of nitrogen and carbohydrate amounts in plant parts. 
Properties 
Total N amount in above 
ground parts (leaves and stems). 
[kg.ha-1] 
Total N amount in 
green leaves. 
[kg.ha-1] 
Total N amount in 
stems and sheaths. 
[kg.ha-1] 
Total N amount in 
stem below ground. 
[kg.ha-1] 
Total N amount in 
dead leaves. 
[kg.ha-1] 
Total N amount in 
kernels. 
[kg.ha-1] 
Total N amount in 
chaff. 
[kg.ha-1] 
Total N amount in 
ears. 
[kg.ha-1] 
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Table 90-20b. (continued) Statistical analyses of nitrogen and carbohydrate amounts in plant parts. 
Properties 
Carbohydrate amount in above 
ground parts (leaves and stems). 
[kg.ha-1] 
Carbohydrate amount in 
green leaves. 
[kg.ha-1 J 
Carbohydrate amount in 
stems and sheaths. 
[kg.ha-1] 
Carbohydrate amount in 
stem below ground. 
rkq.ha-1] 
Carbohydrate amount in 
dead leaves. 
[kg.ha-1] 
Carbohydrate amount in 
kernels. 
[kg.ha-1] 
Carbohydrate amount in 
chaff. 
[kg.ha-1] 
Carbohydrate amount in 
ears. 
[kg.ha-1] 
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Table 90-20. (continued) Statistical analyses. 






» » * 
P > 0.200 
0.100 < P < 0.200 
0.050 < P < 0.100 
0.010 < P < 0.050 
P < 0.010 
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Figure 90-21. Experimental design. 
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OVERVIEW OF THE CONTENTS OF THE TABLES OF KG9104 
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Table 91-3. Crop protection treatments 
Table 91-4. Crop development description for main stem 
At different dates the number of defolded leaves, DC, Kirby apex development, 
number of total primordia and number of leaf primordia 
91-4a. Treatment S1 
91-4b. Treatment N2 S2 
Table 91-5. Crop description 
At different dates the plant density, number of sprouts per plant, number 
of kernels per ear, main tiller density and hare's tiller density 
91-5a. Treatment N1 S1 
Table 91-6. 
Table 91-7. 
91-5b. Treatment N1 S2 
91-5c. Treatment N1 S3 
91-5d. Treatment N1 S4 
91 -5e. Treatment N3 S1 
91-5f. Treatment N3 S 2 
91-5g. Treatment N3 S3 
91-5h. Treatment N3 S4 
Harvest data 
Harvest and ear harvest data 
Dry matter distribution 
Table 91-8. 
Table 91-9. 
At different harvest dates dry matter distribution of total above ground plant biomass, 
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91-7C Treatment N1 S3 
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Leaf area index (LAI) 
At different harvest dates leaf area index of total green leaf 
Specific leaf area (SLA) 
At different harvest dates the specific leaf area of total dry green leaf 
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Table 91-10. Nitrogen distribution and nitrogen content in crop 
At different harvest dates nitrogen content and amount in total plant, green leaf, 
dead leaf, stem below ground, stems plus sheaths, chaff and grains 
91-10a. Treatment N1 S1 
91-10b. Treatment N1 S2 
91-10C Treatment N1 S3 
91-1 Od. Treatment N1S4 
91-10e. Treatment N3 S1 
91-10f. Treatment N3 S2 
91-10g. Treatment N3 S3 
91 -1 Oh. Treatment N3S4 
Table 91-11. Carbohydrates distribution and carbohydrates content in crop 
At different harvest dates carbohydrate content and amount in total plant, green leaf, 
dead leaf, stem below ground, stems plus sheaths, chaff and grains 
91-11a. Treatment N1 SI 
91-11b. Treatment N1S2 
91-11c. Treatment N1 S3 
91 -11 d. Treatment N1 S4 
91-11e. Treatment N3 SI 
91-11f. Treatment N3 S2 
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91-11h. Treatment N3 S4 
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91-15a. Treatment N1 
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91-15c. Treatment N3 
Table 91-16. Nitrogen distribution and nitrogen content in kernels (g.kg-1) at final harvest 
Per sortingclass the nitrogen content of the kernels in that class 
91-16a. Treatment N1 
91-16b. Treatment N3 
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Table 91-17. Combine harvest kernel yield (kg.ha-1) at 16 % moisture 
91-17a. Treatment N1 
91-17b. Treatment N2 
91-17C. Treatment N3 
Table 91-18. Soil mineral nitrogen content and amount (ammonium + nitrate) 
At different times during the growing season soil mineral nitrogen content and 
amount. Layers 0-10 cm, 10 - 30 cm, 30 - 60 cm, 60 - 90 cm and 90 -120 cm 
Table 91-19. Statistical analyses 
91-19a. Statistical analyses of plant parts and crop caracteristics 
91-19b. Statistical analyses of nitrogen and carbohydrate amounts in plant parts 
91-19c. Meaning of used symbols 
Figure 91-20. Experimental design 
Table 91-21. Apex development scale (meurs) 
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Experimental farm 'De Bouwing' 
field no. 8 
: Prisma 
: 16 maart 1991 
: Clay 
: 62% 
: 12 cm 
: consumption potatoes 
: 300 seeds/m2 
Table 91-2. Treatments 
Table 91-2a. Nitrogen dressings (kg/ha) 



















Table 91-2b. Shadowing period (light reduced 60 %) 
treatment date (yymmdd) discription of period 
start end 
51 - - no shadow (control) 
52 910411 910519 from starting of tillering to beginning of culm elongation 
53 910521 910624 from beginning culm elongation to heading 
54 910627 910805 from heading to the end of the grain filling period 
140 

































Table 91-4. Crop development description for main stem. 





























». Treatment N2 S2. 
Remarks 
estimated 50 % emergence. 
estimated 100 % emergence. 
Treatment S4 has the same DC. 
date number of DC 
















Treatment S3 has the same DC. 
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Table 91-5. Crop description. 






























































































Table 91-5. (continued) Crop description. 


























Table 91-5. (continued) Crop description. 





























































































Table 91-5. (continued) Crop description. 












































T6, treatment N3 S3 
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Table 91-7. Dry matter distribution. 






























































*)1 Including seedskin and reserve. 
*)2 These harvests, only the main stems are harvested (aselect). 








































































































Table 91-7. (continued) Dry matter distribution. 


























































































































































*)2 These harvests, only the main stems are harvested (aselect). 
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Table 91-7. (continued) Dry matter distribution. 




















































































*)2 These harvests, only the main stems are harvested (aselect). 
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Table 91-12. Kernel growth. 
date dry weight per kernel 
yymmdd (mg) 
treatment N1 S1 N1 S2 N1 S3 N1 S4 N3 S1 N3 S2 N3 S3 N3 S4 
910626 4.26 3.56 2.88 3.78 3.24 2.52 
910729 
910812 34.95 36.83 39.10 20.20 29.09 28.39 33.75 18.49 
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Table 91-13. Fresh weight kernel distribution (%) at final harvest. 
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Table 91-14. Fresh weight per kernel per sortingclass (mg) at final harvest. 
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Table 91-15. Dry matter content per sortingclass (%) at final harvest. 
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Table 91-16. Nitrogen distribution and nitrogen content in kernels per sortingclass (g.kg-1). 
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Table 91-17. Combine harvest kernel yield (kg.ha-1) at 16 % moisture. 
Table 91-17a. Treatment N1. 
date S1 S2 S3 S4 
yymmdd 
910813 8128 7734 4098 
910822 5999 
Table 91-17b. Treatment N2. 
date S1 S2 S3 S4 
yymmdd 
910813 8372 7729 4129 
910822 6204 
Table 91-17c. Treatment N3. 
date S1 S2 S3 S4 
yymmdd 
910813 7698 7081 3272 
910822 5595 
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Table 91-18. Soil mineral nitrogen content and amount (ammonium + nitrate). 
treatment date nitrogen content and amount per soil layers 
yymmdd 
0-10cm 10-30 cm 30-60 cm 60-90 cm 90-120 cm 






























































































































































numbers printed bolt = soil layer 60 • 120 cm. 
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Table 91-19. Statistical analyses. 
Table 91-19a. Statistical analyses of plant parts and crop caractérisées. 
Properties 
Total plant mass 
above and below ground, fresh weight. 
[kg.ha-1] 
Total plant mass 
above and below ground, dry weight. 
[kg.ha-1] 
Total plant mass above ground, 
fresh weight. 
[kg.ha-1] 
Total plant mass above ground, 
dry weight. 
[kg.ha-1] 
Total of green leaves, 
fresh weight. 
[kg.ha-1] 
Total of green leaves, 
dry weight. 
[kg.ha-1] 
Stems and sheaths, 
fresh weight. 
[kg.ha-1] 
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Table 91-19a. (continued) Statistical analyses of plant parts and crop characteristics. 
Properties 
Stem parts below ground, 
fresh weight. 
lkg.ha-1] 









Kernels, fresh weight. 
[kg.ha-1] 
Kernels, dry weight. 
[kg.ha-1] 
Chaff, fresh weight. 
[kg.ha-1] 
Chaff, dry weight. 
[kg.ha-1] 
Ears, fresh weight. 
[kg.ha-1] 
Ears, dry weight. 
[kg.ha-11 
Leaf area index, 
LAI. 
[m2.m-2] 
Number of plants. 
[1.m-2] 
Number of kernels per ear 









































* * * 
• * 
* * * 
* * 
• » 
* * * 
* * * 
• • 
* * * 
* * * 
* * * 
* * * 
* * * 
* * * 
• * * 
* * * 
* * * 
• • 
* * * 
* * * 
* * * 
• * * 
• * * 
* * * 
• * * 






* * * 
« * * 
N-level 
.!. 
~..-. ^ . 






















* * * 
-
( * ) 
-
* * * 































Table 91-19. (continued) Statistical analyses. 
Table 91-19b. Statistical analyses of nitrogen and carbohydrate amounts in plant parts. 
Properties 
Total N amount in 
green leaves. 
[kg.ha-1] 
Total N amount in 
stems and sheaths. 
[kg.ha-1] 
Total N amount in 
stem below ground. 
[kg.ha-1] 
Total N amount in 
dead leaves. 
[kg.ha-1] 
Total N amount in 
kernels. 
[kg.ha-1] 
Total N amount in 
chaff. 
[kgha-1] 
Total N amount in 
ears. 
[kg.ha-1] 
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Table 91-19b. (continued) Statistical analyses of nitrogen and carbohydrate amounts in plant parts. 
Properties 
Carbohydrate amount in 
green leaves. 
[kg.ha-1] 
Carbohydrate amount in 
stems and sheaths. 
[kg.ha-1] 
Carbohydrate amount in 
stem below ground. 
[kg.ha-1] 
Carbohydrate amount in 
dead leaves. 
[kg.ha-1] 
Carbohydrate amount in 
kernels. 
[kg.ha-11 
Carbohydrate amount in 
chaff. 
[kg.ha-1] 
Carbohydrate amount in 
ears. 
[kg.ha-11 
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Table 91-19. (continued) Statistical analyses. 





* * * 
P > 0.200 
0.100 < P < 0.200 
0.050 < P < 0.100 
0.010 < P < 0.050 
P < 0.010 
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Table 91-21. Apex development scale (Meurs). 
Stage Developmental morphology 
1 Growing point with a single leaf primordium. 
2 Growing point with 2 to 3 leaf primordia. 
3 Extended growing point with 4 to more leaf primordia. 
4 Double-ridge stage. 
5 Beginning of spikelet formation. 
6a Beginning of side spikelet formation. 
6b Side spikelets are clearly visible. 
7 Empty glumes visible. 
8 Formation of lemma visible. 
9 Formation of anthers visible. 
9a Stamens clearly visible and lemma top bend. 
9b Stamen lobes emerge in spikelet, onset of stamen formation in side spikelets 
10 The tip of the awn reaches the spikelet above on 1 to 6 spikelets in each side. 
11 The tip of the awn reaches the spikelet above on 7 to more spikelets. 
12 The awns longer than the spike. 
13 Palea longer than stamens in spikelets in the middle of the spike. 
14 Anthesis. 
